freely soluble and hence was rapidly absorbed. Its effect was rapidly felt and almost as rapidly exhausted. Hence there were frequent hypoglycemic reactions which alarmed the patients and sometimes led to their refusing to continue a treatment which appeared to be and was in fact dangerous.
In order to avoid sudden falls in blood-sugar various attempts have been made to prolong the action of insulin, and to imitate the natural mechanism of regulation, which always amounts to minute doses being added to the blood in response to calls which we cannot recognize or imitate.
From a study of normal blood-sugar curves it is established that there is a uniform rise during the night, ending with a sharp, steep rise towards morning.
During the day numerous exogenous influences lead to irregular rises and falls. The early morning rise which is observed normally becomes much more pronounced during treatment with insulin.
At the beginning of 1936, Hagedorn of Copenhagen introduced a combination of insulin with protamine which was proved to have a much slower action than ordinary insulin. This combination he called protamine insulinate.
The compound is made with protamine prepared from the sperm of the rainbow trout (salmo irideus).
A still more prolonged effect is obtained by the addition of zinc to protamine insulin.
By both these methods an insoluble compound is formed, the insolubility of which is greatest at the reaction of normal plasma pH. 7 -3 Blood-sugar curves from a man aged 65 years ; the first while taking ordinary 'nsulin, the second taking zinc protamine insulin. The diet was the same on both occasions.
Reproduced b permission of Dr. H. P. Himsworth and "The British Medical Journal."
Figs. 3 and 4 refer to the effects on a diabetic subject, and demonstrate the contrast between the effects of ordinary and zinc-protamine insulin.
Three injections of ordinary insulin are given as against one of zinc-protamine insulin. The total number of units (45) is the same.
The points to notice are that in Fig. 4 Synonyms.
Commencement of Action.
Maximum
Effect.
Ordinary insulin.
Insulin retard.
Zinc insulin.
Zinc crystalline protamine insulin.
Protamine insulin ;
Hagedorn's insulin.
Protamine insulin (with zinc) suspension.
Protamine-insulin
Organon.
20-40 min.
1-3 hrs.
9-11 hrs.
8-12 hrs.
3 hrs.
6-8 hrs.
15-20 hrs.
12-20 hrs. Since the effect of these types of insulin is so slow the response to treatment can be expected to be slow also. The rapid recovery after adrenalin or glucose does not occur, and when apparent recovery has taken place the effect of the delayed action insulin may outlast the effects of the glucose administered so that repeated administration of glucose is essential. In some reported instances hypoglycemic symptoms have been delayed until the blood-sugar had reached 40 mgm. per 100 c.c.
It will readily be appreciated that to restore a patient from this degree of hypoglycemia with insulinaction still unexhausted is much more problematical than in a case where hypoglycemia manifests itself with the blood-sugar in the neighbourhood of 60 mgm. and the insulin-action known to be short-lasting.
Theoretically we might assume that the most rapidly acting form of insulin should be employed to combat coma. The Lancet, in an editorial (6th March, 1937) , said that most authorities agree that ordinary insulin should always be preferred for this most dangerous complication.
Experience at the Mayo Clinic, and that of Rabinowitch and his colleagues, suggest that protamine insulin may be successfully employed in cases of severe acidosis.
But the practice at the Mayo Clinic is to give from 50 to 100 units of protamine insulin without delay, and to follow this up with multiple doses of ordinary insulin as may be indicated by examinations of the blood-sugar and the urine. 
